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Abstract 
The purpose of this study is to find out the effect of radiation heat on the physical and chemical characteristics of bread enhanced 
with Garcinia mangostana pericarp powder during baking process. Garcinia mangostana or commonly known as purple 
Garcinia mangostana, often referred as “Queen of Fruits” due to its health benefit and excellent flavour. Garcinia mangostana
pericarp has the highest part of the whole fruit. Science proves that the Garcinia mangostana pericarp has remarkable benefits as 
an antioxidant and functional food. Therefore, this research incorporates 0.5, 1.0, 1.5 and 2.0% of Garcinia mangostana pericarp 
powder into bread dough formulation. The combinations of different concentration of pericarp powder has resulted the 
significance effect on phenolic content, antioxidant activity, colour and moisture content of the bread. Radiation heat transfer
model in baking oven was developed in order to analyse the radiation effect during baking process. From the result obtained, 
thermal processing especially on radiation heat does not give negative effect to the nutritional value even increase or maintain the 
antioxidant levels in bread after baking. 
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Peer-review under responsibility of Istanbul University. 
Keywords: Garcinia mangostana; bread; radiation heat; antioxidant; phenolic content 
* Corresponding author. Tel.: +60355436357; fax: +60355436300. 
E-mail address: ummi985@salam.uitm.edu.my 
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Istanbul Univeristy.
2653 Ummi Kalthum Ibrahim et al. /  Procedia - Social and Behavioral Sciences  195 ( 2015 )  2652 – 2659 
1. Introduction 
Thermal heat is specifically required in baking processing. It can be responsible for contributing on the quality of 
final products including the development physical and chemical properties of final product. Physical properties such 
as surface colour, flavour, texture and moisture content are depending on heat treatment. On top of that, it has been 
reported by previous researcher that thermal treatments also play an important role on the development or 
degradation of chemical properties such as phenolic content and antioxidant activity.  
This study presented the effect of heat treatments on the physical and chemical properties of bread enhanced with 
Garcinia mangostana pericarp powder. The baking time and temperature were selected to use in the model 
development of radiation heat transfer in baking oven. The resulting value of radiation heat transfer was applied to 
investigate the relationship between processing conditions and the properties of the bread. 
Current study is not enough to relate the technology conditions which support the information on the effect of 
thermal heat on antioxidant activity with respect to radiation heat transfer. In fact, the previous study demonstrated 
that radiation heat transfer was a dominant heat (more than 90%) produced during baking process followed by 
convection and conduction heat transfer (Zheleva and Kambourva, 2005). Due to that, modelling on radiation 
analysis in the oven is significant in order to find the exact values of heat. In particular, this knowledge would be 
valuable to determine the amount of radiation heat that can be affecting the physical and chemical properties of the 
bread. 
Garcinia mangostana as fruits is not always available, affordable and practical choice for consumers. Its pericarp 
which contains source of antioxidant is treating as a waste. Hence, research on Garcinia mangostana pericarp as 
functional ingredients should be carried out. A functional food model allows consumers to obtain additional 
antioxidants in a less perishable, economical product that is readily available in the market (Binzer et al., 2011). 
Therefore, bread has been chosen as the functional food model due to its easiness of preparation and status as a 
general food product. Garcinia mangostana fruit have been widely recognized for their high antioxidant and health 
benefit. Garcinia mangostana pericarp has the highest part of the whole fruit. Garcinia mangostana pericarp has a 
percentage of 68.17% wet pericarp and when dried it has a percentage of 27.09% of dry pericarp. This indicates that 
the Garcinia mangostana pericarp occupy the largest portion and if not utilized will be a waste. Science proves that 
the Garcinia mangostana pericarp has remarkable benefits as an antioxidant and functional food. Therefore, this 
research incorporates the Garcinia mangostana pericarp powder into bread dough formulation. The effect of baking 
parameter on antioxidant activity in bread is studied. 
During thermal processing, several reactions are taking place which have direct impact on the sensorial and 
nutritional properties of food. For bakery products, colour is one of the most important attributes. Other important 
attributes include texture, aroma, nutrient profile and shelf life. Baking temperature is an important parameter 
influencing antioxidant activity. This temperature profile and its development over time during baking are strongly 
influenced by the rate of heat transfer from the oven to the bread surface. Many reports in the literature only study 
the effect of different parameters (temperature, time, water activity, pH) on bread colour development as well as 
effect of different variables (pH, additives, raw material) on antioxidant activity.  
However, little report is published regarding on heat treatment towards antioxidant activity during baking 
process. Therefore it is the interest of this study to incorporate the numerical heat transfer models with the physical 
and chemical properties of bread. Thus, the combination of chemical reactions and heat transfer can be used to 
predict the end product characteristics which are very important to the bakery industry. This project will integrate the 
engineering aspects which is heat transfer with chemical reactions that are responsible for colour development and 
antioxidant activity and phenolic content. Results from the project will provide scientific understandings on bread 
properties which are directly relevant to the food industry. 
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2. Methodology 
2.1. Radiation Heat Analysis during Baking Process 
In baking oven, there were eight surfaces to be considered in radiation analysis. The net radiation heat transfer 
per unit surface area, qi, is determined from each surface. Surfaces that considered in the analysis were top, left, 
right, front, back and bottom side of oven surfaces, bread surface and baking container surface. The radiation energy 
balances were represented in a network. The network is as shown in Fig. 1. All the calculations involved in radiation 
analysis were referred to Ummi Kalthum Ibrahim et al. (2013).  
Fig. 1. Network model diagram for radiation analysis in baking oven (Ummi Kalthum Ibrahim et al., 2013) 
2.2. Dough Formulations 
Commercial wheat flour, sugar, salt, yeast and bread improver was obtained from local market. Garcinia 
mangostana pericarp powder was purchased from Malaysia Herbal Shop. A standard white bread recipe was 
prepared. The percentages of wheat flour and pericarp powder were adjusted as described in Table 1. All dry 
ingredients were weighed and mixed in a laboratory mixer for 10 minutes at low speed. The produced dough was 
covered with food wrapper to prevent excessive moisture loss and left to rise at room temperature for 60 minutes. 
Then, the dough was punched and kneads again to release the air inside the dough. Each of dough was weighed in 
equal size and placed in four rectangular baking containers. The dough was allowed to rest for another 60 minutes 
before baking. 
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     Table 1. Bread formulation ingredients. 
Ingredients Weight (g) 
Wheat flour 200 
Water 136 
Yeast 4.4 
Sugar 12.5 
Salt 4 
Bread improver 0.2 
Garcinia mangostana pericarp powder 0.5%, 1%, 1.5, 2.0% 
(flour weight basis) 
2.3. Baking Conditions 
Bread dough was baked at temperature of 200°C with different baking time (15, 20, 25 and 30 minutes). Each of 
the dough was placed at a time in the baking oven to provide uniform heat distribution over the dough during baking 
process. The control bread sample was baked without addition of Garcinia mangostana pericarp powder with the 
same baking conditions.    
2.4. Bread Sample Extractions 
The bread sample extraction, phenolic acid measurement and antioxidant activity were determined using 
modified procedure established by Das et al. (2012). Bread samples were sliced (3 cm width and 1cm thickness) and 
dried in an oven at 40°C for 24 h. The dried material was ground in a grinder to obtain powdered bread. 10 g of 
powdered bread was extracted with 100 mL of 80% aqueous methanol for 2 h at 40°C. Samples were then 
centrifuged at 12,000×g for 15 min. The supernatant collected was used in the assay.  
2.5. Determination of Antioxidant Activity 
The DPPH assay was conducted according to the method of Das et al., (2012) with a slightly modification. The 
stock solution was prepared by dissolving 10 mg of DPPH with 100 mL of 80% methanol and then stored at amber 
with cap bottle. The working solution was obtained by mixing 1.0 mL bread extract with 1.0 mL of DPPH solution 
and 4 mL of 80% methanol. The mixture was kept in the dark for 30 minutes at room temperature before measured 
at 517 nm using the spectrophotometer. The percentage of inhibition or the percentage of discoloration was 
calculated as (1). 
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2.6. Determination of Total Phenolic Content 
A 1.0 mL sample of the bread extract was mixed with 0.5 mL of the Folin-Ciocalteu reagent and 7.5 mL 
deionized water. The mixture was kept at room temperature for 10 min before adding 1.0 mL of 7.5% sodium 
carbonate (w/v). The mixtures were left for 30 min at room temperature before measuring the absorbance at 765 nm. 
Results were expressed as milligrams of gallic acid equivalent (GAE) per gram of fresh weight. (Chaovanalikit et
al., 2012). Total phenolic content was calculated by (2). 
M
VCT u   (2) 
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T = Total phenolic content 
C = Concentration of gallic acid established from the calibration curve (mg/mL) 
V = Volume of extract solution (mL) 
M = Weight of extract (g) 
3. Discussions 
Control of baking process usually depends on the experience of the operator. According to Fahloul et al. (1995), 
the air temperature is usually used as indicator to check the adequacy of baking. However, the authors claimed that 
there is no relationship between the air temperature and the quality of baking product. It means the quality of baking 
product such as colour, texture and flavour are independent of air temperature inside the oven during baking 
process. Heat transfer plays an important role during baking process. Heating of bread during baking is performed 
by convection, conduction and radiation mechanisms. The top surface of the bread is heated mainly by radiation and 
only little part (less than 10%) of the heat is transferred by convection and conduction (Zheleva and Kambourova, 
2005). Therefore, the behaviour of radiation heat transfer inside the oven during heating process were investigated 
deeply to show the importance towards baking product.  
Fig. 2. shows the effect of radiation heat on physical (colour and moisture content) and chemical (phenolic 
content and antioxidant activity) properties of bread samples baked at 200°C with different baking time (15, 20, 25 
and 30 minutes) and different concentration of Garcinia mangostana pericarp powder added. Overall, amount of 
radiation heat (Q) declined with increased baking time. Nevertheless, all the bread samples with different 
concentration of pericarp powder show no significant changes in physical and chemical properties of the bread. 
These suggested that thermal treatment during baking does not give negative effect even promotes or retain the 
nutritional value in bread such as phenolic content and antioxidant activity. These findings are in good agreement 
with Han and Koh, (2011) who found that the baking process improved phenolic content and antioxidant activity in 
bread after baking process and this has potential health benefits for customers and food industry in terms of the 
development of functional foods. 
The bread enhanced with pericarp powder is found to show high phenolic content and antioxidant activity 
compared with control bread. These contradictory results are due to the contribution of the natural antioxidant 
namely xanthones that is available in Garcinia mangostana pericarp (Suvarnakuta, 2011). Colour of the crust and 
crumb showed changes in colour intensity from light brown to dark brown but still in the acceptable colour. On top 
of that, moisture content was found not undergone many changes compared to the control bread.  
The phenolic content values for Garcinia mangostana pericarp powder and control bread at various baking 
conditions and concentration of pericarp powder added are shown in Fig. 2. (a) and (b). From the figure, it can be 
seen that bread enhanced with Garcinia mangostana pericarp powder had significantly higher levels of total 
phenolic content than control bread. The control bread (100% wheat flour) had the lowest phenolic content 
compared to all other bread trials. Varying baking conditions such as baking temperature and time also showed 
significant effect on phenolics content in bread enhanced with Garcinia mangostana pericarp powder compared to 
the bread control. For pericarp powder bread baked at 200°C, both bread crust and crumb demonstrated similar 
results by showing the highest phenolic content with 2% of pericarp powder added followed by 1.5%, 1% and 0.5% 
of pericarp powder added at all baking time. 
Garcinia mangostana pericarp powder enrichment has been found to increase the overall antioxidant activity of 
bread as shown in Fig. 2 (c) and (d). Bread without enhanced with pericarp powder (control) exhibited the lowest 
antioxidant activity. The highest antioxidant activity was demonstrated by bread baked with concentration of 1.5% 
of pericarp powder added by showing the value nearly 100% for both bread crust and crumb. Nevertheless, baking 
conditions have not been shown to significantly affect the antioxidant activity in the bread crust and crumb as the 
values of antioxidant showing no significant changes throughout baking time. 
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Decreasing in L* values in bread crust and crumb were shown for bread baked at 200°C (Fig. 2. (e) and (f)), 
where bread control at 200°C showed a decreased from 66.93 to 38.44, meanwhile for bread added with pericarp 
showed a decreased from 58.55 to 37.46 (0.5%), 59.37 to 43.85 (1%), 63.83 to 47.24 (1.5%) and 57.47 to 44.62 
(2%). As a result, it showed the increased in the concentration of Garcinia mangostana pericarp powder in bread 
formulation will reduce the value of L* for both bread crust and crumb. Decreasing value of L* denoted the darker 
bread produced but still in the acceptable colour. 
Processed food has long been considered to have lower nutritional value than their fresh during processing. Due 
to that, enrichment the food product with active ingredient from natural source may retain their nutritional value. 
Hence, from the study, it was suggested that additional of pericarp powder added significantly affect the level of 
phenolic content present in bread. However baking period showing a slightly different on phenolic content values, 
but this difference is not significantly influenced the value of phenolic content existing in the bread. 
(a) (b) 
(c) (d) 
(e) (f) 
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(g) (h) 
Fig. 2. (a) phenolic content in crust; (b) phenolic content in crumb; (c) antioxidant activity in crust; (d) antioxidant activity in crumb; (e) colour 
lightness in crust; (f) colour lightness in crumb; (g) moisture content in crust; (h) moisture content in crumb 
4. Conclusion 
In this study, the analysis on the effect of radiation heat transfer inside the oven under natural convection mode 
was performed using the network representative method. Radiation is considered as the main process of heat transfer 
occurred in the oven. Application of network representation method provide useful for analyzing radiation heat 
transfer in the baking oven. It was observed, the amount of radiation heat (Q) decreased with the increasing time at 
all baking temperature. However, all the measured values in bread samples were slightly changes throughout the 
baking period. This suggested that bread enhanced with Garcinia mangostana pericarp powder could retain their 
total phenolics, antioxidant activity, surface colour and moisture content even after baking. The results are consistent 
with previous study on antioxidant stability (Romson et al., 2011). As a conclusion, thermal processing especially 
on radiation heat does not give negative effect to the nutritional value of the functional bread as well as the final 
quality. The findings are against the perception that thermal processing is the major cause of degradation of 
nutritional value in food. This will generate a new perception of the customer on baked product selection and raised 
their awareness on functional bread that give better health benefits. Other than that, functional bread could afford 
customer satisfaction since they are readily available, easy to prepare, nutritious and cost effective. Moreover, 
consumption of functional bread may increase human health and reduce the risk of chronic diseases. 
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